A multivariate analysis was performed to provide objective descriptions of visually perceived differences in feeder-cattle frame size and muscle thickness. Three hundred and twenty-four yearling feeder steers were selected to represent USDA classifications for frame size (Large, L; Medium, M; Small, S) and muscle thickness (No. 1, No. 2 and No. 3). The frame-size classification (F) of each steer was determined by a subjective evaluation of skeletal size-height and length-in relation to maturity; the muscle-thickness classification (M) was based on a visual assessment of thickness of the rear quarter, forearm and gaskln-due to muscle expression and independent of differences in fatness-in relation to skeletal size. Six dimensional measurements (heart girth, hip width, stifle width, forearm circumference, body length and hip height) and a measurement of subcutaneous fat thickness (fat probe) were recorded for each steer to obtain objective assessments of traits that were emphasized during visual classification. A canonical varlate analysis was performed on the system of body measurements to quantify differences in feeder-cattle size and shape corresponding to USDA descriptions of frame size and muscle thickness. Over 95% of the dimensional variation among the nine F X M subclasses (L-No. 1, L-No. 2... S-No. 3) was explained by the first two canonical vatiates. The first canonical variate (Zt) described morphological differences correspondingto variation in frame size and primarily reflected differences in absolute stature (L>M>S). Moreover, Z~ revealed a latent tendency for cattle of different frame sizes to vary in relative body dimensions (length, width and girth in relation to height). These relative dimensional differences were attributed to variation in developmental status. The second canonical variate (Z a ) primarily contrasted variation in rear-quarter thickness (relative to skeletal size) and shape corresponding to visually perceived differences in muscle thickness. Cattle perceived to be thickly muscled (No. I muscle thickness) had disproportionately wide and convexly shaped rear quarters, while steers classified as thinly muscled (No. 3 muscle thickness) were relatively narrow and flat through the rear quarters. Circumference of the forearm received secondary emphasis for discriminating among muscle-thickness groups. Evaluations of muscle thickness did not appear to be influenced by variation in subcutaneous fat thickness. Results of the analysis were used as an objective basis for interpreting the effects of feeder-cattle frame size and muscle thickness on subsequent growth and carcass development.
Introduction
In 1979, the USDA revised the official U.S. standards for grades of feeder cattle to provide uniform descriptive terminology that would not only facilitate trading and dissemination of market information, but also reflect differences in genetic potential for growth and carcass merit. Since the revision of the standards, grades of thrifty feeder cattle have been determined by separate, subjective evaluations of frame size and thickness (USDA, 1979) . This report is the first in a series presenting results of a study conducted by Colorado State University in cooperation with the USDA and the Colorado Department of Agriculture to characterize the 109 J. Anita. Sci. 1986 . 62:109--120 effects of feeder-cattle frame size and muscle thickness on subsequent growth and carcass development. Traditionally, federal grades for livestock and carcasses have been based on criteria that could be evaluated as rapidly and accurately as possible, while identifying attributes of economic importance (USDA, AMS, FSQS, 1981) . Industry application of the feeder-grade standards necessitates that classification of cattle into frame size and thickness categories be accomplished using subjective evaluation procedures. Inevitably, however, classification systems based on subjective, visual assessments of animal size and shape meet with some degree of resistance and skepticism regarding their validity. The principal shortcoming of all livestock classification systems employing visual appraisal is their axiomatic lack of objectivity.
Since subjective classification provided the basis for this entire study, an objective analysis of variation in feeder-cattle size and shape, corresponding to USDA's descriptions of frame size and muscle thickness, was considered an important prerequisite. The purpose of this analysis was to provide an objective basis for interpretation of visually perceived differences in feeder-cattle frame size and muscle thickness.
Materials and Methods
Design. The experiment was conducted as a 3 x 3 factorial in two complete replicates (table  1) . The experimental sample consisted of a total of 324 feeder steers representing nine frame-size • muscle-thickness subclasses (36 steers/subclass). Data were collected for 162 steers in each of two successive years. Experimental methods were identical for both replications.
Sample. Yearling feeder steers were purchased in March and April of 1979 and 1980 from cattle producers and livestock markets in Colorado, western Nebraska and southeastern Wyoming. The steers had been wintered either on native pasture with varying levels of supplemental feeding or in drylot on diets consisting of various forages, including corn silage.
Steers were selected specifically to represent the three frame-size categories (Large, L; Medium, M; and Small, S) described in the official U.S. feeder-grade standards (USDA, 1979) and the three muscle thickness descriptions (No. 1, No. 2 and No. 3 ; No. 1 = most thickly muscled) provided by the USDA (1976) . Illustrations of USDA descriptions of frame size and muscle thickness are presented in figure 1 .
The frame-size and muscle-thickness classification of each steer was determined by a panel of five experienced evaluators (including one representative from the Livestock Standardization Branch, Agricultural Marketing Service, USDA). Frame-size classification was determined by an evaluation of skeletal size-height and body length (USDA, 1979) . Musclethickness classification was based on a visual assessment of thickness of the rear quarter, forearm and gaskin-due to muscle expression and independent of differences in fatness-in relation to skeletal size (USDA, 1976) .
Feeder cattle of similar ages were obtained for the experiment; the steers were born during the spring calving season of the year immediately preceding the year of purchase. Actual birth dates were not available for all animals; however, the majority of the cattle were born in March and April, and were approximately 1 yr old at the time of purchase.
Since feeder grades are applied without regard to breed or source, no attempt was made to standardize the breeds or sources of cattle used in this study. The sample of steers purchased for the experiment typified the breed composition of the feeder-cattle population in the mountain states and western plains regions; 20 different breeds, both beef and dairy, were represented either as purebreds or crosses.
It is recognized that variation in breed introduced into the experiment via sampling procedures is partially confounded with the effects of frame size and muscle thickness. However, it is important to realize that the experimental sample was intended to reflect relationships between breed and body type typically encountered in feeder-cattle marketing. Under practical circumstances, feeder-cattle breed is quite variable and, in many instances, cannot be determined. Moreover, there is a natural tendency in the feeder-cattle population for frame size and muscle thickness to be confounded with breed, Correspondingly, it was deemed appropriate not to impose rigid constraints on the breeds of cattle purchased for the study.
With regard to the confounding effects of breed, the following characteristics of the experimental sample were noted: Objective Measurements. When cattle purchase and processing had been completed, each steer was weighed (prior to the morning feeding) and subsequently measured to obtain objective assessments of various body dimensions. Linear measurements included:
1) Hip height (HH)-height measured at a point on the dorsal midline between the tuber coxae. Hip height was measured using a metal rule suspended from an overhead, parallel crossbar on the restraining chute. Values for HH were reported as the difference between the distance from the crossbar to the animal and the total distance from the crossbar to the floor of the chute. 2) Body length (BL)-distance (measured parallel to the animal's back using a caliper-type device) between the lateral tuberosity of the humerus and the tuber ischiadicum. 3) Heart girth (HG)-body circumference (measured using a metal tape) immediately posterior to the forelimb. 4) Hip width (HW)-distance (measured using calipers) between the lateral surfaces of the tuber coxae. 5) Stifle width (SW)-distance (measured using calipers) between the most lateral surfaces of the rear quarter immediately proximal to the stifle joint (articulation of the femur and tibia). 6) Forearm circumference (FC)--circumference of the forelimb (measured using a aWT = weight, kg; HG = heart girth, cm; HW = hip width, era; SW = stifle width, era; FC = forearm circumference, cm; BL = body length, cm; HH = hip height, cm; FT = subcutaneous fat thickness, cm.
bLeast-squares means and residual standard deviations were derived using a least-squares model, which included Yr, F, M and F • M effects. metal tape) immediately distal to the lateral epicondyle of the humerus. 7) Subcutaneous-fat thickness (FT)-thickhess of subcutaneous fat covering the longissimus muscle; FT was measured (using a stainless steel probe) 6 on the left side of each steer at a point between the 12th and 13th ribs. Methods used to obtain this measurement have been described in greater detail by Daley er al. (1983) .
Precautions were taken to obtain each measurement with the animal standing normally in the restraining chute. The foregoing measurements were chosen specifically to correspond to dimensions which received emphasis in visual assessments of frame size and muscle thickness. , 1976, 1979) . Thus established, among-subclass variation in corresponding body measurements could be analyzed to provide quantitative approximations of visually discernable differences in frame size and muscle thickness. Statistical analysis of the data required a specialized approach. Mathematical representation of body size and form, even in the most simplistic fashion, necessitates simultaneous consideration of more than one body measure-ment. Additionally, because body dimensions tend to be intercorrelated both genetically and phenotypicaUy (Brown et al., 1983) , the analysis of dimensional data should address interdependence among the various body measurements.
Previous studies of body size and shape in cattle (Tanner and Butt, 1954; Carpenter et al., 1971; Brown et al., 1973b; Hammack, 1974; Butts et al., 1980a) have successfully employed multivariate statistical techniques to analyze the covariance structure among several body measurements and provide mathematical contrasts of body size and form. The predominant multivariate technique used in those studies was principal component analysis.
The statistical technique chosen for the present study was canonical variate analysis. This multivariate technique varies from principal component analysis, primarily in that it analyzes the among-class rather than within-class dispersion matrix (Seal, 1966) .
Canonical variate analysis provides a method of transforming a set of observed variates into a smaller number of composite variates that contrast differences among subclass means. When applied to a set of body measurements, canonical variate analysis facilitates transformation of the individual measurements into mathematical contrasts of body size and form-in this case, corresponding to differences in frame size and muscle thickness.
Data Analysis. Preliminary analyses were conducted to examine the correlation structure of the data. Residual correlations among the characters were computed using a least-squares model which partitioned the effects of year. Results of this analysis (table 3) revealed moderate to high, positive correlations among many of the measurements. Principal component analysis (Seal, 1966) of the correlation matrix (data not presented in tabular form) revealed (1) a tendency for each measurement to be moderately to highly dependent upon a general function of overall body size and (2) departures from size dependency representing latent differences in body form. Relationships of this nature are common to studies of body dimensions (Tanner and Burt, 1954) and underscore the need for a multivariate statistical approach in examining among-class dimensional relationships.
Multivariate analysis of variance was performed using a least-squares model which included the fixed effects of year (Yr), frame size (F), muscle thickness (M) and the interaction between frame size and muscle thickness (F • M). The response for the analysis was the vector of seven body measurements (HG, HW, SW, FC, BL, HH and FT) for each individual. Multivariate tests of significance were based on Wilk's (1932) A statistic (A = IE[ , where E IH + El = within plus residual sums of squares and products matrix (SSPM) and H = the hypothesis SSPM). Details concerning the assumptions and distributional theory underlying multivariate analysis of variance were provided by Seal (1966) .
Following multivariate analysis of variance, canonical variate analysis (Seal, 1966; Blackith and Reyment, 1971; Chatfield and Collins, 1980) Chatfield and Collins, 1980) . In the multivariate analysis of variance, the F X M interaction was significant. Correspondingly, canonical variate analysis was performed using the "among-cells" SSPM to provide a set of composites for discrimination among F x M subclass means.
Canonical variates were constructed successively. The first canonical variate represented the composite of the response that best discriminated among subclass means-in other words, the composite for which the variance ratio was greatest. The second canonical variate was uncorrelated with the first and provided the next greatest polarization of thr means, and so on. A total of seven composites were constructed; however, the first two canonical variates accounted for nearly all (95.7%) of the variation in body measurements among subclasses and were effective in providing objective descriptions of differences in frame size and muscle thickness. Consequently, the other five composites were excluded from subsequent discussion.
All of the foregoing analyses were performed using the SPSS MANOVA program (Hull and Nie, 1981) . (table 4) . Both magnitude and sign of the standardized weights and correlations were used for interpretive purposes.
Results and Discussion

Interpretation of Canonical Variates. Results of canonical variate analysis are presented in
The absolute magnitude of an individual standardized weight reflected the contribution of its respective body measurement to variation in the composite (Fornell, 1978) . Since the standardized weights were independent of scale of measurement, they were used to assess the relative contributions of the various measurements in determining the numerical value of the corresponding canonical variate (Chatfield and Collins, 1980) . Measurements with the largest weightings (either positive or negative) received the greatest emphasis in contrasting the F X M subclasses. Canonical variates in which the measurements all received equal emphasis were interpreted as contrasts of overall body size, while composites with differential weightings on the various characters were interpreted as contrasts of variation in body form.
The sign of each standardized weight provided insight into direction of the relationships between its corresponding character and other characters in the response. In this study, where components of the response were measurements of body dimensions, differences in sign of the weights were interpreted as contrasts of dimen-sional proportions. For example, if in a given canonical variate, HG had a large, positive coefficient and HH a large, negative coefficient, the canonical variate would reflect amongsubclass variation in HG:HH.
Correlations presented in table 4 were used to assess the degree and direction of association between each individual body measurement and the numerical value of the composite variate.
To disclose the nature of the two composites, subclass means were plotted in a two-dimensional subspa.ce using coordinates defined by the canonical variates. This plot, which is displayed as figure 2, showed very clearly that the first canonical variate (Z x) contrasted variation in body measurements among cattle of different frame sizes while the second canonical variate (Z~) described a contrast of body dimensions among muscle-thickness groups. Correspondingly, Zl and Z: were used to provide objective interpretations of differences in frame size and muscle thickness, respectively.
Z1-Frame Size. The first canonical variate explained 64.4% of the among-subclass variation in the seven body measurements (table 4) and provided contrasts of body size and shape corresponding to differences in frame size. Examination of the data in table 4 revealed that Z1 combined two major contrasts of body dimensions-one describing variation in absolute height and another describing differences in relative body dimensions (i.e., differences in length, width and girth relative to height).
The most apparent feature of Z1 was the predominance of HH. The exceptionally large standardized weight and high correlation (r = .96) for HH indicated that absolute height and frame size essentially were synonymous. In addition, it is noteworthy that all other measurements of body dimensions (HG, HW, SW, FC and BL) were positively correlated with Z1 (table 4). The directional consistency of these correlations showed that increased skeletal stature (frame size) generally was associated with concomitant increases in other absolute body dimensions (table 2) . However, the relatively low magnitude of the correlations (r = .09 to .48) indicated that differences among frame sizes in body length, width and girth were not always proportional to corresponding differences in height.
The essence of the correlations may be understood more clearly by considering the magnitude and sign of the standardized weights (table 4) . Z1 had a large, positive weighting on HH and small, mostly negative weightings on the six other body measurements, indicating that among-class differences in stature were accompanied by variation in body form. The differential weighting of the body measurements reflected an underlying tendency for largeframed steers to be disproportionately tall, with relatively short, narrow and slender bodies, as compared to small-framed cattle that were short in stature, but relatively highly developed in body length, width and girth.
These latent differences in body form were attributed to differences in developmental status. In that connection, it has been documented that height at a given age generally is positively correlated with mature body size and inversely related to maturing rate (Brown et al., 1983) . Consequently, when cattle of different frame sizes are compared at similar ages, small-framed cattle normally are more mature (and thus, more advanced in body development) than their larger-framed contemporaries. Since body dimensions develop differentially (Kidwell et al., 1952; Lawrence and Pearce, 1964; Brown et al., 1983) , it follows that the earlier-maturing, small-framed cattle would be more highly developed in the later developing dimensions (HG, HW, SW and BL), as was the case in the present analysis.
The dimensional relationships portrayed by Z1 provide evidence of a relationship between feeder-cattle frame size and maturing rate. It is this relationship that makes frame size an effective predictor of subsequent growth and development (Brungardt, 1972; Brown et al., 1973a Brown et al., , 1974 Butts et al., 1980a,b) .
Z 2-Muscle Thickness. The second canonical variate (Z2) accounted for 31.3% of the amongsubclass variation in body dimensions (table 4) and segregated the subclasses according to differences in muscle thickness (figure 2). Variation in muscle thickness, as defined by Z2, was least pronounced in the medium-frame category (figure 2), explaining the nature of the significant F X M interaction in the multivariate analysis of variance.
Examination of the standardized weights and correlations for Z2 (table 4) revealed two major dimensional contrasts among cattle differing in muscle thickness: (1) a contrast of rear-quarter width in relation to skeletal size, and (2) a contrast of rear-quarter shape.
The first of these two contrasts was reflected by a large positive weighting on SW and small, negative weightings on HG, BL and HH (table  4) . Also, correlations (table 4) were highest for measures of width (HW and SW) and lowest for measures of skeletal size (HH and BL). These results indicate that among cattle of similar skeletal dimensions, width of the rear quarter (particularly SW) was a principal determinant of visually perceived differences in muscle thickness.
The second contrast was reflected by the differential weighting of HW (low, positive) and SW (high, positive) in Z2. These weightings indicate that cattle classified as thickly muscled were disproportionately wide through the stifle region relative to width at the hips. Conversely, cattle classified as thinly muscled were narrow through the stifle region and relatively wide at the hips. The visual effect of these relationships between HW and SW was a difference inshapeof the animals when viewed from the rear. Steers which were perceived to be thickly muscled had a convex shape; steers judged to be thinly muscled were flat and angular through the rear quarter. These differences in rear-quarter shape may be visualized by referring to figure 1.
X2 also contrasted differences in FC; however, this contrast appeared to be of secondary importance for discriminating among musclethickness groups. Variation in FC was directionally consistent with differences in SW, but received only moderate emphasis in Z2. The correlation between FC and Z2, however, was moderately high (r = .62), suggesting that increased circumference of the forearm generally was associated with visual perceptions of increased muscularity.
A point of concern with respect to Z2 was the correlation (r = .43) for FT (table 4). Visual assessments of muscle thickness included subjective compensation for differences in fatness, yet there was a positive correlation between FT and Z2. The concomitant variation in FT indicates one of two things-either evaluatcrs' perceptions of muscling were influenced directly by differences in fatness, or inherent variation in fatness was coincidental with variation in muscularity.
To gain further insight into the relationship between FT and Z2, a second canonical variate analysis was performed holding FT constant. Segregation of muscle-thickness groups using the fat-corrected composite (AZ2) was virtually identical to segregation based on Z2 ( figure 3 vs  figure 2 ). Moreover, differences between AZ2 and Z2 with respect to standardized weights and correlations for the body measurements (data not presented in tabular form) were negligible. Therefore, it was concluded that visual determinations of muscle thickness were not influenced materially by variation in fatness.
Subjective determinations of bovine muscularity usually are based on visual assessments of morphologic factors concerning size, shape and position of the musculature in relation to the skeleton (Kauffman et al., 1970) . The major determinant of muscularity is thickness of muscle (independent of fatness) relative to dimensions of the skeleton (de Boer et al., 1974; Dumont, 1978) . Variation in muscularity also is reflected by differences in body shapeconvex, bulging shapes for muscular cattle vs concave, flat, angular shapes for thinly muscled cattle (Kauffman et al., 1973) . Objective descriptions of differences in muscle thickness provided by Z2 in the present analysis were consistent with these previously developed concepts of muscling differences.
Conclusions
The present analysis provided a means for objectively describing morphological differences among yearling feeder cattle representing nine frame-size x muscle-thickness subclasses. Over 95% of the among-subclass variation in a system of seven body measurements was explained by two linear composites-one describing dimensional differences among cattle of different frame sizes and the other describing dimensional variation corresponding to differences in muscle thickness.
Variation in frame size essentially was reflected by differences in absolute height. The analysis also revealed differences in dimensional proportions among steers of different frame sizes within each muscle-thickness group. These differences in body form were indicative of variation in maturity.
Variation in muscle thickness contrasted thickness and shape of the rear quarter in relation to dimensions of the skeleton. Number 1 steers had thick, convexly shaped rear quarters, while No. 3 steers were narrow and angular through the rear-quarter. Number 2 steers were intermediate in rear-quarter shape, but tended to be most similar to No. 1 cattle (figure 2). Variation in fatness did not appear to influence evaluations of muscle thickness.
Canonical variate analysis, as used in the context of this study, provided an objective basis for assessing the effects of feeder-cattle frame size and muscle thickness on various growth and meat-production traits. In addition, results of this analysis indicated that visual assessments of frame size and muscle thickness were effective in identifying measurable differences in feeder cattle size and shape. The relationships of frame size and muscle thickness to growth and carcass development during a 140-d finishing period will be addressed in subsequent reports.
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